
No. 1,066.--“ On Reclaiming  Land from Seas  and  Estuaries.”’ 
By JOHN HENRY M~JLLER (of the  IIague). 

THE class of reclamation works, to which the  Author would more 
especially refer, is the inclosure by embankment,, ancl the  drainage by 
natural means, of an  area,  or areas, of salt-marsh, samphire  ground, 
slake,  mud, or  sand  lying more, or less above the level of low 
water. 

Prqjccts of this  character have too often been set aside, 
upon insufficient  grounds, and from want of proper consideration. 
In  some instances, the  state of the soil has been incorrectly pro- 
nounced unsuitable for the  pnrpose; in others, undue importance 
has been attached  to  the probable  contingencies where water  has 
to  be  dealt with, or the circumstance, that the benefits to be 
derived were chiefly prospective, has unduly influenced the decision 
of those interested. It has also been stated,  that at  best such pro- 
jects could only be considered as hazardous speculations ; and some- 
times opposition has been offered on the erroneous supposition that 
the reclamation of land has the effect of producing fever and ague. 
To these objections sufficient anstvers can be given. It may be 
replied, that  the value of the  ground before being reclaimed is no 
measure of the merit of the proposal for its inclosure, as that can 
only be decided ,by comparing the cost of the necessary works, 
with the improved value which would be given to the  land by 
their execution. When the reclamatiou is proposed in front of a 
previous inclosure, i t  frequently occurs, that  the existing  banks are 
so damaged by every  storm, that if the reclaimed land only pro- 
duced sufficient to  maintain  the new banks, the expense of re- 
pairing  the old ones would be saved. No doubt  there  are projects 
of this nature of a questionable  character, as so much must depend 
U on the position of the proposed works in reference to the  centres 
o F population. As for instance, supposing that it was proposed to 
inclose a narrow slip of foreshore, by a long bank, in a locality 
situated  far from habited places, however good the soil might be, 
such a work in all probability would be a failure. While, on the 
contrary, the reclamation of a large  area of bare sand,  in  the 
neighbourhood of a town, by means of a short bank, might prove a 
successful undertaking. It may safely be stated  that  the inclosure 
of the foreshore has the effect of removing the  malaria which is the 

1 The discussion  upon this Paper, in  conjunction with tlJC two preceding ones 
011 a similar subject, by Mr. Paton and Mr. Oldham, was continued over portions 
of three eveuings, but an abstract of the whole is given consecutively. 
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cause of fever and ague. This discase, it must be remembered, 
is always prevalent  in  districts which border on low marshy fore- 
shores. In Holland, where nearly the whole of t,he land has been 
reclaimed from the sea, and  in  other similarly situated countries, 
there is no  well-authenticated instance, where an increase in fever 
and  ague,  has heen the consequence of a reclamation. As regards 
the commercial question, the  Author  admits  that these enterprises 
are  not unattended with difficulties, but  he contends, that  they  are 
not greater  than can be  surmounted by ordinary engineering 
ability. And on the whole, it  may be safely asserted, that if 
projects of this class are well selccted and prudently  carried  out, 
they will prove alike remunerative to their  undertakers  and bene- 
ficial to  the community. 

I n  designing the works for effecting a reclamation, the principal 
object  to be kept  in view, is to inclose the  largest  area, with a 
bank of the least  length, and the smallest average cross section. 
These points are  regulated by the direction of the outer portion of' 
the embankment, or sea bank. I t  is sometimes recommended that 
it should be, as  nearly as possible, p?rallel with the current, and 
at an acute  angle to the prevailing winds. But experience seems 
to show, that where creeks do not interfere, a different system is 
preferable. When  the embankment is placed at   an acute  angle 
t,o the prevailing winds, the force of the wave acts on a greater 
length of bank, without much diminishing its intensity. A current 
which runs parallel to a bank, also occasions a chafing similar to that 
which is produced by the action of a stream on the  sides of a river. 
%'he Author believes, that  it is best to construct one side of the em- 
banktnents boldly exposed to the  full force of the gales, so that 
the sea bank will shelter, or protect the  other two sides. By this 
arrangement, a less extent of bank requires supervision during 
gales, and in executing the work, if the sea bank is first made, the 
other two sides can  be finished in comparative security. A direc- 
tion, at  right angles  to that of the current, also possessed advantages, 
011 account of the small extent of hank which is acted upon  by 
the current, and  the eddy which is produced occasions an aecumu- 
lation which forms a protection, throughout a considerable length 
of the bank. Indeed,  the direction of the original currents  are 
generally so much changed, by the  altered outline of the foreshore, 
that in most cases it is only necessary to take  the  current  into 
consideration with regard  to  the difficulty of constructing the 
bank, but  not with regard to its maintenance. 

A diversity of opinion exists, as to the  extent of land  that 
should be reclaimed a t  any  one time. The  Author considers, 
that, in most  cases, large  areas  are the  least expensive in the end ; 
or if a small area  is selected at first, some portion of the original 

2 H 2  
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sea  banks will be useless when an increase becomes desirable. 
Between the old sea  bank  and  the  edge of  low water, the soil 
may be divided into four  distinct classes (Plate 19, fig. 1) :-the 
salt marsh, of clay, about  the level of summer spring tides ; then 
samphire ground, slake, or mud, or rich  alluvial matter,  to half 
tide ; next,  hard sea sand ; and lastly, near low-water mark, quick- 
sand. A narrow slip of salt marsh and samphire  land is usually 
recommended to be first inclosed, in  the expectation that  in a few 
years, the foreshore outside it will accumulate to such an  extent, as 
to  enable it to be reclaimed by banks of smaller section and less cost. 
But experience has shown, that if the  banks cannot  be  constructed 
entirely on t,he salt marsh, it is preferable to go to half-tide level. 
Banks  entirely on the  salt marsh are  the easlest to construct, and 
the  strongest  that can be made. Those on  samphire ground  and 
mud are  the most difficnlt. During  their construction, slips are of 
constant occurrence, the use of waggons and horses is impossible, 
and a large proportion of the material is washed away, as  it is 
deposited, and before the bank is consolidated and raised  above high- 
water mark. I n  fact, for waste, settling, and contingencies, from 
60 per cent. to 100 per  cent. of the original quantity must  be calcu- 
lated upon as necessary. If‘ a storm occnrs during  the progress of 
the works, the slopes cannot  be  protected ; and indeed, a bank con- 
structed on such a bot,tom, is always unsafe. When  the  line of 
the embankment is laid  at  the  half-tide level, or about  the limit of 
vegetation, and on hard sand, it is possible to  make  the whole of 
the reclaimed land fit for cultivation, and  this mode of effecting 
the inclosure need not cost more, and is safer, than when the 
higher, but softer bottom is adopted as the  seat of the bank. 
When  large  areas  at  this level are  to  be reclaimed, it is sometimes 
considered necessary, that  the species of preparatory banks called 

crallge  banks ’ should be previously carried out from the shore, so 
that with less area,  there may be a less extent of water  to  contend 
with, during  the construction of the  sea  bank,  but that practice is 
erroneous, as  the difficulty in the construction  does not increase 
with the size of the area to be reclaitned, but depends upon the 
relative width of the openings left  in  the banks. 

The following instances which have occurred in the course 
of the Author’s professional practice are given in illustration 
of this branch of the subject :-In reclaiming a piece of land 
of 1,000 acres, by a bank  three-quarters of a mile in length, 
the  seat of which was 6 feet below the level of high water, 
only one opening 7 chains  in width, was left. In  another case, 
in reclaiming 1,700 acres, by a bank four miles in length, 
the  seat of which was, 8 feet below high  water, three openings, 
respectively of 5 chains, 7 chains, and 12 chains in width, were 
left. I n  neither case was the speed of the outgoing  current 

Downloaded by [ UNIV OF TEXAS AT AUSTIN] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



HECLAIRllNG LAXI). 469 

materially increased, during  the progress of the works, 1101' 
indeed until the cross section of the openings was diminished. In 
completing the  latter work, the aprons were raised 18 inches, or 
2 feet at  a time, by wood  work, stone, and clay. I t  was expected 
that  the  current would increase in  the  third opening, when the 
two others were raised ; but this did  not occur, as  the water 
within the inclosure did not reach so high a level as  that without ; 
in fact, it never attained to high-water mark.  When the aprons 
were above the level of the reclaimed land,  the  current on leaving 
became violent. This cannot, however, be avoided in finally 
closing a bank. 

Banks on a lower level than  that of the half-tide  mark, are  not 
advisable, on account of the  shifting nature of the bottom which is 
ordinarily  met with, and  the  large openings, and low  levels,  which 
are required for the outfall sluices. 

Having  stated  the conditions to be observed in the direction and 
situation of the banks, the  next question requiring  attention is the 
cross section. This branch of the subject naturally divides itself 
into two parts :-first, as to the main body for resisting the  dead 
weight of the water when at  rest,  and secondly, as to the mode of 
protecting the slope, to enable it to resist the action of the water 
when in motion. With  regard  to  the first point, the best cross 
section is  that, in which the  centre of gravity comes nearest to 
the bottom, and to the toe of the bank. For this reason steep 
slopes with a cess, or bench, about the level of high water, are 
preferable to flat slopes without a cess, or bench. Sand  stand- 
ing  at  its  natural slope is sufficient to  resist still water. Breaches 
in banks are  attributable,  either to a small percolat,ion of water 
underneath  the seat, or to the defence or protection of the slope 
being insufficient, Percolation usually takes place at high 
spring tides, and from the rapidity with which the bank  sinks 
down, and is overtopped by the stream, but  little can  be  done to 
prevent a breach from this cause. The insufticiency  of the defence, 
or protection of the slopes of the.bank, in  many cases arises from 
mistaken economy. Unless there is a sufficient thickness of' pro- 
tection, the sea breaks through  the material  underneath, and soon 
works its way through  the body of the bank. It has been urged 
that  the  hearting of' all banks should either be of clay, or else that 
they should be constructed with a wall of puddled clay along  the 
centre. Frequently,  it  is not possible to  obtain clay in sufficient 
quantities for such a purpose, and,  setting aside the  great expense 
involved, if the force of the wave is  strong enough to break  through 
the  outer protection of stone or wood, it is evident that clay will 
be unable to resist it. When a breach is apprehended on account 
of the weakness of the protection, i t  can in most cases be revented 
if suff;.cicnt material is a t  hand. At extraordinary hi$ tides, a 
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breach sometimes occurs above the cess, but this rarely happens, 
and  the  time  during which danger could arise is so short, that the 
evil may be remedied before the next  returning high tide. When 
the  water rises ahove the  top of the bank, the unprotected  back 
slope is liable to  be damaged, and  thus to  lead to a breach. This 
may be averted by driving stakes into  the  top of the  bank,  and 
placing planks, supported by clay, or other materials,  behind 
them. 

With respect to  the protection of the slope, there  is a difficulty 
in  ascertaining correctly the force of sea-water when violently agi- 
tated. Mr. Storm  Buysing  has  stated, in his work on hydraulic 
engineering, that  the shock of the water and of floating objects 
against a slope, increases  in the same ratio  as  the sine of the  angle 
formed by  the slope with the horizon. De  la  Coudraye  and 
Brkmontier cqntend, in  their theory of the motion of waves, that 
the water  only moves vertically, up  and down, without any hori- 
zontal  displacement ; but if this were true,  the amount of undula- 
tion ought  to  be  the same at  any depth, which is known not to be 
the case, the  undulating motion being  stronger  near  the surface, 
and slowly diminishing as the  depth increases,  until a certain level 
is attained, when practically the undulation ceases. Opinions 
differ as to this limit. Some fix it at  a level of G feet or 7 feet below 
the surface. Belidor assumes, that the  undulation is very trifling 
at a depth of 16 feet, and  that  it cannot  be observed a t  a depth of 
27 feet ; while Colonel Emy  maintains t.hat motion  may be observed 
at  a depth of 500 feet. These different theories appear  to point  out, 
that  there is a simultaneous  horizontal and vertical displacement 
of the particles of water in  wave motion, but they give no clue to 
the solution of the question :-What is the minimum amount of 
strength  that  ought  to be given, under stated circumstances, to 
certain slopes, in  order  to resist the maximum amount of power 
which the  sea can exert upon them ? A t  present it is well known 
that  the  sea  has  the power to destroy banks, and  to displace 
stones of considerable weight. The  Engineer must, therefore, 
be  guided by experience  in dealing with these matters, rather  than 
by speculative opinions. 

The  materials, employed for the defence of slopes in Holland 
are of three different  kinds, clay and grass flags, wood and stone. 
When  banks  are constructed on salt marshes (Plate 19, fig. a), the 
body consists of clay taken from the adjoining excavations, the soil 
of the best quality being  reserved for the outside. The body of the 
bank and  the slopes should  be well trodden down by horses, and when 
consolidated, should be sloped afresh, and sown with a mixture of 
salt marsh-meadow grass, and clover seed, and  the whoie slope 
should be protected by a ‘ crammat.’ The crarnmat, which costs 
threepence o r  fourpence per square yard, is composed of a layer of 
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clean  barley straw, about two inches thick, evenly laid, and fastened 
to the clay by straw  bands, or strands,  sixty  to ninety stitches being 
made per superficial yard. In  two, or three  years  the bank is so 
consolidated, that  the  mat does not  require renewal. For banks 
011 a lower level than  the salt marsh, a protection of clay and  grass 
is insufficient. I n  such cases, a layer of clay, protected by stone, 
at a slope of 4 to 1 , or 6 to 1 is employed in  England,  but without 
a cess or bench. This affords the requisite strength,  but  it  is 
expensive, and as usually constructed, it. needs much repair. When 
the bank is on samphire ground, it may be expected, that within ;t 
comparatively short period a new salt marsh, or foreshore will be 
formed, whic.h will render  the protection unnecessary, and  as  the 
stones will then be imbedded in silt, they will not be worth the 
cost of removal. Under these circumstances, it would be better  to 
form the bank with a cess. The slopes, above and below the cess, 
need not be flatter than 3 to 1, and while the upper slope would need 
no protection, it would be sufficient to protect the lower slope with 
wood, or fascine work. In  constructing a bank on this description 
of ground, wood possesses great advantages over stone, which can- 
not be laid until the  bank is consolidated. A bank having a cess 
can also be more easily protected during its construction, a 
‘ crammat ’ covering being sufficient to resist the force of an  or- 
dinary summer gale. 

The wood, or fascine work protection used in Holland, consists of 
successive horizontal layers of fagots, 5 inches, or 6 inches in thick- 
ness, placed in a direction up and down the slope of the bank, the 
thick ends  overlapping the thin ends  of’the lower rows. Through 
thesz, stakes  about 4 feet in length  are driven, at intervals of 14 
inches, in rows parallel  to the direction of’ the bank. The rows are 
16 inches apart,  and  are fastened down by stakes, which are  left 8 
inches above the fagots, and  are connected together by means of 
willow binders, or “wattles,’ something  like  hurdle work. When 
this is complete, the whole is driven down with a mallet, and every 
fourth, or fifth stake is provided with a key, to prevent the wattles 
from lifting. If  the proper sort of wood is obtained, this protection 
will endure from five to seven years, and  is quite  able to resist the 
action of the tide. The strength of this kind of protection might 
be augmented by increasing the  number of the stakes  and binders, 
or by filling  in  witb stones, firmly wedged between the rows of 
stakes. 111 the application of‘ this class of protection in England, a 
great improvement has been effected  by creosoting the stakes, but 
the  general results have by no means been so satisfactory as those 
which have been  obtained in Holland. 

The  Author considers, that according to special circumstances, 
olte of the four diEirent sections shown  on Plate 19 (figs. 2, 3, 4 
and 5)  will, irl most  cases,  bc found available. 
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Fig. 2 is the section of a bank on salt marsh. The top of the 
bank is about 3 feet wide, and 3 feet, or 4 feet  aboye the level 
of the highest known tide. The  inner slope is not  less than 
16 to 1 ; steeper slopes being  liable to slip, and  not presenting 
sufficient surface  for the growth of the grass  intended for their 
protection. The outer slope of 3 to 1 is covered with a foot of 
clay, and is protected by a ' crammat { but when the banks are 
settled with and covered with meadow grass,  the  mat is not 
necessary. 

Fig. 3 is the section of a bank above the level of half tide. The 
top zf the  bank is 4 feet wide, and 4 feet  above the level of the 
highest known tide. The  inner slope is 18 to 1. The outer  top 
slope is 3 to 1, and  'extends from the top, to  the level of the 
highest known tide, a t  which point there is a cess of 20 feet  in 
width, having a fall of 1 ft. G in., or 2 feet. The lower slope is 3 
to 1. The inner slope and the top  are covered with a layer of clay 
S inches in thickness, and the top slope and cess with a layer 12 
inches in thickness ; and  the bottom slope with a layer 18 inches 
in thickness. The  top of the bank and  the back slopes are sown 
with seeds, and  the  outer  top slope and  the outer  bottom slope are 
covered with a ' crammat.' The outer bottom slope is further pro- 
tected by fascine work, in  the  manner  already described. 

Fig. 4 shows the additional protection which is requisite as a 
defence against  the sea a t  a lower level than  that of half tide. The 
section shown in fig. 3 may be adopted for the bank, but  the 
covering layer of clay should be G inches more in thickness 
throughout. The rows of stakes on the  outer bottom slope should 
be placed nearer to each other and be filled with stone. The  
strength  and protection  afforded by the fascine work may be fur- 
ther increased by two separate methods :--First, by increasing the 
number of the rows of stakes  and binders ; secondly, by reducing 
the number of the rows of stakes, and by filling up  the spaces 
with stones,. put down edgeways, and strongly  fastened between the 
rows with llttle wedge pieces. 

When a bank  has  to be formed below the level of half  tide, the 
question of the employment of wood, or stone as a protection is one 
which must be decided by the relative cost of the  materials in the 
locality. But the Author believes, that  in most instances, if the 
compound interest on the excess of the  original outlay for stone, as 
compared with wooden protection, be taken into consideration, the 
balance  in a given  term of years will be found to be in favour of' 
the employment of wood, notwithstanding the  frequent renewals 
which it requires. I t  may further be remarked,  that  the unavoid- 
able supervision is the same  in both cases, that  the wooden protec- 
tion, as requiring less immediate  expenditure, is more likely to be 
preferred by proprietors or shareholders, and  that in winter time it 
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affords employment for  men, who would otherwise be  dependent 
upon public, or private  charity. 

Fig. 5 is the section of a bank below thelevel of half tide, where 
a stone protection is proposed to be adopted. The  top of the 
bank is 6 feet wide, and it should  be a t  least 6 feet above the 
level of the highest known tide. The inner slope is 14 to 1 ; the 
outer top slope is 4 to 1, and is covered half way up by a wooden or 
fascine protection. The cess is 20 feet  in width, and  has a fall 
of 2 feet, or 3 feet, and  the  outer lower slope is 5 to 1, or 6 to 1, 
according to circumstances, and is covered with a stone defence, such 
as is commonly constructed .by  the  Dutch, on islands  exposed to 
the ocean. I t  is formed thus: when the slope is trimmed, a layer 
of' clay, 12 inches to  18 inches in thickness, is spread over it, 
covered, sometimes, with a ' crammat.' Over  this bricks, in one, or 
two courses, are laid, and  then from 6 inches to  12 inches of brick- 
bats, on which stones from 12 inches to 18 inches in depth  are set. 

It will be observed, that with a stone defence, the slopes are 
recommended to be flatter, and  the  banks to  be  higher, than where 
wood protection is employed. In  steeper slopes, the rows of stone 
would rest upon one  another, and if a wave removed or disturbed 
one  stone, the removal or displacement of those above it would 
almost necessarily follow. The bank is made  higher on account of 
the flatness of t.he  slope. If  the rule is adopted, that  the shock of 
the wave increases with t,he sine of the  angle made by the slope 
with the horizon, the monlentum remaining the same, the  amount 
of force, or'intensity, saved by the flatter slope is expended in the 
velocity with which the wave runs  up the slope. But whatever 
may be the cause, it is certain  that waves ascend much higher on 
flat slopes than on steep ones ; so that,  although  the shock may 
not be so great,  the protection  must be carried up higher. 

The stone protection which has been described has  in some 
instances lasted fifty years without renewal;  but though very 
durable,  it is costly, and hence should only be  adopted where abso- 
lute security renders it necessary ; as, for instance, for banks near  to 
low-water mark. In exposed situations, an additional width may 
be given  to the cess with great advantage. The wave rushes up 
the slope until it  arrives at the cess, when its direction being 
altered, it is checked, and if the cess is sufficiently long, its 
force is almost  expended before its direction is again  altered by 
the upper slope. I n  neutralizing the action of the wave  wooden 
protection has an  advantage over the stone. The slope being 
steeper, more of' the power of the wave is expended while rushing 
up  it,  and  the numerous stakes encountered so subdivide the 
wave, that  it becomes a mere ripple before it reaches  the cess. 
On  the  other hand,  thc surfke of the  stone protection is so smooth, 
that waves  seem invited tu ascend. In some casesit has been found 
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advantageous to introduce rows of oak stakes, at intervals  above  the 
surface of the stone,  to  break the force of the waves. The stakes 
should be about 1 inch or 2 inches apart,  and  their tops should be 
12 inches or 15 inches above the surface of the stones. An oak 
framework of piles, 12 inches in scantling, connected together  by 
walings, has been used to  break the wave in exposed locallties, such 
as those of West  Kapelle  in  Zeeland  and  Petten  in  North 
Holland. 

In  the construction of sea walls, or banks, the most difficult ope- 
rations are those connected with the crossing of creeks, before 
alluded to, especially when the bottom is 10 feet, 20 feet, or more 
under low-water mark. In  England’the usual plan is to fill in 
large  quantities of material from the sides, and simultaneously to 
fill up the middle, by means of hopper  barges, with substances hard 
and heavy enough  to resist the current. This method, though  in 
general eventually successful, is costly. In closing a creek or  other 
opening from the sides, as the  gap is in the process of contraction, 
the water tries to gain by increased  depth, the sectional area which it 
has lost by the decrease in width. I n  Holland, the custom is to raise 
the bottom uniformly, to the level of  low water, by means of cradles, 
formed of brushwood, and bound together by ropes and osiers. 
These  cradles  are usually from 2 feet to 3 feet in thickness, of a 
length  equal  to  the full width of the  gap,  and of a proportionate 
width. Being flexible and capable of stretching to a limited extent, 
they  adapt thetnselves to all  the inequalities of the bottom. In  the 
first instance, a ‘ wiep table ’ is constructed in a convenient place. 
A row  of stakes 12 inches or 14 inches apart is driven  into the 
ground. At a distance of 10 inches, a parallel row is then placed 
in such a manner  that  the stakes shall be  immediately opposite to 
those of the first row ; and  the  heads of each pair of opposite stakes 
are connected together by a cross piece about 6 inahes from the 
top. Upon  these cross-pieces, the ‘ wiepen ’ which compose tlle 
framing of the cradle, are  put together. ‘ Wiepen ’ are usually from 
4 inches to 6 inches  in  diameter, and  are  made in the following 
manner:-Loose fagots  are  laid upon the cross-pieces between 
tlle stakes;  the  separate branches are  then pulled out so as  to 
overlap each other  like  the fibres of a rope, and when uniformly 
arranged,  the wiep ’ is boucd  together by osier ties a t  every 
4 inches of its length.  When a sufficient number of 6 wiepen ’ 
have  been made for the longitudinal and transverse  framing, a 
convenient site is selected upon  which to construct the cradle. A 
flat sand, or silty ground  about 3 feet, or 4 feet below high  watcr 
is the most convenient. The details of the construction of the 
cradle are minutely shown on Plate 7 B, fig. 6. I t  will be observed, 
that it consists of a lower and an upper fiwneworlr of ‘ wiepcn.’ 
1 he lower fran1e1r.0~1~ is first put togethcr. The transverse \&pen ’ ,’l 
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are  laid down in  straight lines, about 3 feet apart. Across these 
the longitudinal ‘ wiepen’ are placed at right angles, but a t  about 
4 feet from each other. A t  every other crossing the transverse and 
longitudinal ‘ wiepen ’ are  alternately  tied  together, by a long osier, 
and a strong rope. When  the lower framing is completed, the 
ends of the ropes which have been used are fastened, in such a 
manner, that they will be  ready for further use when the upper 
framework is laid on. The  next operation is  to-prepare  the founda- 
tions for the props,’ or mooring posts to which the cables are 
made  fast whil; the cradle is being floated to its position and sunk. 
Particular attention must be  paid to  the position and security of 
the props, as the safety of the cradle  depends  entirely upon  them. 
If placed too near  the edge, a small strip is liable to be torn off, 
and if placed too much in the middle, the  edge of the  cradle will 
dip  in  the water, when,  if the  current is strong, there will be danger 
that it may  be  doubled  under and rapidly  torn to shreds.l If  the 
props come out, the  cradle is also liable  to  injury. It is thereforc 
desirable  to have several spare props. I n  preparing  the founda- 
tions for the props, two, or four bundles of binders are  attached, 
under the longitudinal wiepen ;’ this is done in six, or  eight dif- 
ferent places, and  to these short wiepen’ are fixed. 

The lower framework and  the foundations  for the props  being 
completed, bundles of the longest fascines that can be procured are 
laid between the  longitudinal, and across the  transverse ‘ wiepen ;’ 
the ends of these should overlap each other 4 inches, or 5 inches. 
This  layer of fascines should be about G inches, or 8 inches thick. 
Another  layer of the same thickness is then  laid across the  last, at  
right angles. Alternate  layers  are  thus laid  until the required  thick- 
ness is attained. A frame similar to  the lower one is constructed 
on top of the fascines, the longitudinal G wiepen ’ being first laid, and 
then  the transverse G wiepen.’ The cradle is now bound together as 
tightly as possible a t  all the crossings, with the ends of the ropes 
which  were used  for the lower framing. Square spaces are  then 
constructed for holding the  stone  ballast, by driving  stakes  through 
the longitudinal a d  cross wiepen,’ and connecting them with wat- 
tling. The props are driven into  their places and connected. by 
strong ropes, and  the lower and top wiepen ’ are tied together, 
all round the cradle, at convenient distances with  ropes, and  to 
these are  attached large iron thimbles, which  come into use  when the 
cradle is sunk. T o  secure the  cradle in its position, six, or  eight 
anchors are  laid  out with cables attached  to them, which are also 
made f a t  to the props. The anchors are so disposed, that the 
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rising  tide may lift t,he cradle, without changing  its horizontal posi- 
tion. I n  Holland, these  cradles sometimes contain an  acre of sur- 
face, and  their thickness varies from 2 feet  to 6 feet, but  the  largest 
which the  Author  has sunk in England was only 150 feet  long 
and 45 feet wide. 

When  it is determined  to move the cradle, it is accompanied to 
its  destination by a sufficient number of flat-bottomed boats, the 
draft of which should  not  exceed 18 inches, or 24 inches when 
laden. These  are  partially  loaded with sods of salt marsh, of about 
S inches cube, or 9 inches cube, on top of which are placed as many 
stones as the  boat  can safely  carry. Two  men  are required for each 
boat. T o  prevent  accidents, the  cradle is kept, as long as possible, 
out of the  strength of the stream. It is floated to its destination 
with the  aid of a relay of anchors and cables, the  spare anchors 
being  dropped close to  the  cradle, before the previously laid  cables 
are entirely  slacked  out. 

I f  the  cradle is to  be  sunk a t  low water, it should be  in its posi- 
tion an hour, or two hours before that time. When  in  the  centre 
line of the embankment, the cables which hold it  are  made fast 
with slip  knots  round the props. The boats then come  close to  it, 
those on the in-shore side of the  cradle  hanging on by their own 
anchors and cables, and those on the  outer side by the  cradle 
itself, but at  the same time.  connecting  their  masts by ropes with 
the masts of the boats on the inner side, so that  the  strain on the 
cradle  may  be  reduced as much as possible. In  each  boat there 
are two ropes, called ‘sinking lines.’ These  are passed through 
the thimbles which were previously attached  to  the sides of the 
cradle, and  are temporarily  secured inside the boats in such a 
manner  that  the cradle, when laden, will be  supported by them. 
‘l’he stone from the  boats is then unloaded ; the receptacles in the 
central port.ion of the cradle are  first filled, and  then those along 
the sides, until the whole cradle is a few inches under water and 
hangs entirely by the  sinking lines. A t  a given signal  the cradle 
is gradually  and uniformly lowered to  the bottom. The remain- 
ing portion of the boats’ cargoes is discharged, and  the sink  lines 
are pulled up, but  the cables are  left  round  the props until  the fol- 
lowing day, when the power of the rising tide is employed in 
weighing the anchors, and iu pulling adrift  the slip knots. In the 
succeeding tides  the  cradle is further weighted, by clay, brickbats, 
and stones. I t  has been calculated that a cradle of 1 foot 8 inches 
iu thickness should be loaded in  the following proportion :-S inches 
in thickness of clay, 6 inches or 8 inchcs of stone of a specific gravity 
of 2.6, and  about G inches of brickbats. Filling  up a gap by this 
method possesses the  great  advantage  that there is comparatively no 
loss, or ctiuplacenlent of the material. There is no chance of ally 
scouring  taking place tinder the cradle, and  the hollows between 
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the lunlps of clay and stone being soon filled up with sand by the 
tide, the bottom of the creek, or gap is, in a few hours, permanently 
raised several feet. 

The sides of the opening are  next protected with similar cradles, 
the lower end of each resting on that first laid. Subsequently, 
other  cradles are sunk over these, until the work reaches low- 
water  mark, when the width of the embankment is  gradually 
increased, by throwing  in sods on the  outer side, protected by fas- 
cine work, weighted with stone. The same process is then pur- 
sued on the  inner side (Plate 19, fig. 7). When  the surface of' the 
creek is level with, or above low water, cradles are not required. 
In  such cases, the  ground Is covered with a thin  layer of clay, 
protected by an  apron of fascine work. Plate  19, fig. S, shows 
the stat,e in which the openings are left,  until  the banks are com- 
pleted. The material  for the banks is taken from side cuttings, at 
least 20 feet from the foot of the slope, and each part undertaken 
is raised to  its full height  in one tide, the exposed side being 
covered with a thin layer of clay. In the next  tide, this is provi- 
sionally protected by a ' crammat,' and before the ensuing  spring 
tide, the work should be finally protected with stone, or wood. 

When  the banks are completed, the openings are closed  in the 
following manner :-While the  tide is down, the stone is removed 
from the apron on the  outer side of the gay. The spaces between 
the wattles are  then filled with strong clay well trampled down. 
On this is placed a layer of fascine work, about 10 feet wide and 
1 foot thick, and to  prevent percolation, a narrow  trench is cut  in 
its centre, which is filled with clay and  saud mixed. The stones 
are  then replac,ed. This should be all completed in one tide, and 
during  the  next,  the  inner side of the  gap should  be treated in the 
same way. The surface is thus  brought up by degrees to  the level 
of high-water neap tides. The whole width of the  gap should then 
be raised in one tide above the level of the highest known tide, and 
all possible means should be used to finish the protection of the 
bank before the next spring  tide. In  order  that  the pressure may 
rest upon the inner, instead of the outer side of the embankment, 
t,he gates of the sluices are  not opened, until the  embankment is 
finally secured. When that is done, the  water is allowed to run 
out of the inclosure and  the reclamation is completed. 

The  Paper is illustrated by a series of diagrams, from which 
Plate  19 (figs. 1 to S) has  been compiled. 
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